Ⅰ. Introduction
Dynamics of magnetization reversal is a critical issue to both high performance spintronics technology and fundamental understanding of magnetism [1, 2, 3, 4, 5] .
Although ferromagnetic(FM) materials have been the main focus of magnetism research, antiferromagnetic(AFM) materials (one of the two basic magnetic materials) have also been widely applied to magnetic recording technology [6, 7] . Recently, it has been found that the AFM spin configuration can significantly influence the transport properties of the devices based on AFM materials [8, 9, 10, 11, 12, 13] , thus there is an increasing effort to develop modern spintronic devices using AFM materials. Since spintronics technology usually involves different spin configurations and their switching, AFM spin switching process has become one of the critical issues in developing future high performance of AFM based spintronics technology.
Unfortunately, there has been very limited studies and knowledge on the AFM spin switching process.
Since AFM materials alone respond little to external magnetic field, the AFM spin switching and other functionalities usually manifest through interfacial magnetic coupling in FM/AFM heterostructures. In polycrystalline FM/AFM systems, the spin rotation and evolution of the AFM grains have been observed indirectly in the exchange bias during magnetic field cycling and are phenomenologically referred to the training effect [ 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 ] . However, the random spin orientations of AFM polycrystalline grains prohibit it to retrieve a clear physical picture on the AFM spin switching process in FM/AFM systems. To understand the rotatable and frozen CoO AFM spins in thin-and thick-film limits [24] , but could not explore the CoO spin switching process due to the limitation of XMLD measurement.
This remains a mystery of the AFM spin switching process and its thermal activation in FM/AFM systems. In this paper, we report our study on the switching process of AFM CoO spins in single-crystalline Fe/CoO/MgO(001) system. We find that the CoO spin switching proceeds with an initial nucleation center formation followed by domain wall propagation. We show that this process is governed by the Kolmogorov-Avrami process which depends on the thermal activation energy. By temperature-and thickness-dependent studies, we retrieved the important parameter of the activation energy which depends linearly on the AFM CoO film thickness.
Ⅱ. Experiments
MgO(001) substrates were prepared in an ultrahigh vacuum system by annealing at 600 o C followed by a 10 nm MgO seed layer deposition at 500 o C. number at the beginning, faster in the middle, and then slowly again to approach the final saturation value of 1. This trend is very different from the training effect in exchange bias, which usually exhibits a dramatic decrease in the first few cycles [14] [15] [16] [17] .
We then performed XMLD measurements at the Co 2+ L 3 edge to directly probe the CoO AFM spins in a sample of MgO (2 nm)/Fe (3 nm)/CoO (3.5 nm)/ MgO(001).
After cooling the sample to 180 K with a 1 kOe field along the CoO [110] axis, the x-ray adsorption spectrum (XAS) was taken at the normal incidence of the x-rays with the polarization E parallel and perpendicular to FC H , respectively [inset of Fig. 3(a) ].
As the external magnetic field sweeps repeatedly between -700 Oe to +700 Oe in the To understand the mechanism of AFM switching process, we investigated the temperature dependent properties of CoO AFM spin switching. Figure. 
